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Potassium deficiency produced different effects in the kidney of male or female mice. While in female, potassium deficiency caused a marked renal 
hypertrophy with no significant changes in testosterone-regulated enzymes, such as omithine decarboxylase and ~glucuronidase, in the male the 
same treatment provoked a marked fall of these enzymes owing to a dramatic decrease in plasma testosterone. Potassium replenishment restored 
plasma testosterone and renal enzymatic activities. These results show for the first time, that potassium modulates circulating testosterone and 
suggest hat this cation could exert an important regulatory role in controlling androgen actions. 
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1. INTRODUCTION 
It is well established that potassium deficiency pro- 
duces renal hypertrophy in different animal species 
[1,2]. The mechanisms by which renal hypertrophy is 
produced are unknown, although in some cases orni- 
thine decarboxylase (ODC) and polyamines have been 
proposed as mediators in the process of renal growth 
[3-51. In mice, testosterone produces a marked renal 
hypertrophy accompanied by a large increase in ODC, 
a key enzyme in the synthesis of polyamines and in some 
lysosomal enzymes such as B-glucuronidase [6,7]. B- 
Glucuronidase activity is elevated in the kidney of po- 
tassium-deficient female mice [8], but the implication of 
ODC and polyamines in this kind of hypertrophy has 
not yet been studied. 
1% KC1 solution instead of drinking water. All animals were main- 
tained at 22°C ambient emperature and 50% relative humidity, under 
controlled 12 h light-dark cycles. 
2.2. General procedures 
Blood was obtained under light ether anesthesia by cardiac punc- 
ture. Plasma was obtained by centrifugation at 4°C and kept frozen 
until analysis. Animals were killed and the kidneys collected, rinsed 
and weighed. They were homogenized by Polytron in buffer contain- 
ing 25 mM Tris pH 7.2, 2 mM dithiothreitol, 0.1 mM pyridoxal 
phosphate, 0.1 mM EDTA and 0.25 M sucrose. A part of the extract 
was centrifuged at 20,000 x g for 20 min and /I-glucuronidase and 
omithine decarboxylase activities were determined in the crude extract 
and supernatant, respectively. 
2.3. Analytical methods 
In the present work we have studied the effect of 
potassium deficiency on ODC activity in the mouse 
kidney. Since the existence of a clear renal sexual dimor- 
phism in mice is known [9], we have compared the effect 
of hypokalemia in male and female mice, and we have 
found that circulating testosterone levels are regulated 
by plasma potassium concentration. 
ODC activity was measured as previously described [lo]. The incu- 
bation mixture contained 0.4 mM L-[l-‘4C]omithine (New England 
Nuclear, specific activity 4.75 Cilmol) and 10 ~1 of the kidney extract 
in a total volume of 62.5 ~1. p-Glucuronidase activity was measured 
by the method of Fishman [1 11, using p-nitrophenyl-B-o-glucuronide 
(Sigma) as a substrate. Testosterone was determined by radioimmu- 
noassay with a kit supplied by ICN Biomedicals (Carson). Plasma 
potassium was analyzed by means of a potassium-selective electrode 
(Beckman). 
2.4. Statistical analysis 
The results are given as means + SD. Group mean comparisons 
were made by Student’s t-test. 
2. MATERIALS AND METHODS 
2.1. Animals 3. RESULTS 
Adult Swiss CD1 mice were used in these experiments. Control 
animals were fed with standard chow (UAR A03) containing 7.5 &g 
potassium and drinking water ad libitum. Potassium deficiency was 
produced by feeding the mice with a diet similar to control diet but 
containing 120 mg/kg potassium (UAR 212K). Potassium replenish- 
ment was achieved by supplementation of the low potassium diet with 
*Corresponding author. Fax: (34) (68) 834 307. 
Table I shows the effect of feeding mice with a low 
potassium diet on body and kidney weights. A decrease 
in body weight was observed in both male and female 
mice but while in males a decrease in kidney weight was 
evident, in females a clear increase in the weight of this 
organ was estimated. Hypokalemia appeared in mice 
fed with low potassium chow and the decrease in plasma 
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Table I 
Effect of K+-deficiency in body and kidney weights of male and female mice 
Control 
K’-deficient ( 15 days) 
K’-deficient (30 days) 
K’-deficient (15 days) 
+ 5 days KC1 replenishment 
Males Females 
Body weight (g) Kidney weight (mg) Body weight (g) Kidney weight (mg) 
41.2 + 1.1 (7) 338 f 15 32.7 r 2.5 (6) 208 f 21 
32.3 + 0.9 (10) 307 + 31* N.D. 
28.9 f 1.4 (10) 297 f 29* 
25.5?:; 
(9) 246 + 34* 
40.8 f 0.8 (7) 347 f 26 N.D. N.D. 
Mice were made K’-deficient by feeding with a low K’ diet during 15 or 30 days. K’-replenishment was achieved by substituting the drinking water 
by 1% KC1 solution during 5 days after day 15 of K’ deficiency. 
*P < 0.01. N.D.: not determined. Numbers of animals are given in parentheses. 
potassium was dependent on the extension of the treat- 
ment. The replenishment with potassium by administer- 
ing KC1 in the drinking water reestablished plasma po- 
tassium values to control levels (Table II). 
Fig. 1 shows that the high basal value of renal ODC 
activity of male mice was drastically decreased in kidney 
of potassium deficient mice and it was clearly recovered 
after potassium replenishment. ODC activity in female 
kidneys was low and was not affected by potassium 
deficiency. A similar effect of potassium was also ob- 
served in other renal enzyme such as j?-glucuronidase. 
Since both enzymes are regulated by testosterone, a 
plausible explanation of these findings could be related 
to some alteration in the mechanism of control of gene 
expression by androgens. The possibility that potassium 
deficiency could hardly alter the responsiveness of 
mouse kidney to testosterone can be ruled out, since 
potassium-deficient male and female mice responded 
with a normal induction of renal ODC and /I-glucu- 
ronidase after testosterone propionate administration 
6000 
5000 
‘;‘ 
f 
01 4000 
> 
5 
E 3000 
.z 
g 2000 
1000 
0 
( 
- 
1 
(6) 
:6) 
7 
ODC 
7 
(data not shown). The analysis of plasma testosterone 
in control and potassium-deficient mice showed that 
circulating testosterone dramatically decreased in male 
mice fed with low potassium diet. Normal testosterone 
values were recovered after potassium replenishment 
(Table III). 
4. DISCUSSION 
Our results show that potassium deficiency produced 
renal hypertrophy in female CD1 mice as reported in 
other mice strains [8]. However, we did not find any 
significant elevation of j?-glucuronidase nor ODC activ- 
ities in the hypertrophic kidney, which suggests that 
ODC is not involved in the proces of hypertrophy, as 
it has been claimed in other models of renal hypertro- 
phy [3-51. Interestingly, in male mice potassium defi- 
ciency did not produce any increase in renal weight but 
it affected the renal activity of ODC and p-glucu- 
ronidase, which was markedly decreased in potassium- 
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Fig. 1. Effect of K’-deficiency on omithine decarboxylase and B- glucuronidase in mouse kidney. Numbers of animals are given in parentheses. 
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Table II 
Plasma potassium concentration in control and K’-deficient mice 
WI @MI 
Male Female 
Control 
K’-deficient (15 days) 
K’-deficient (30 days) 
K’-deficient (15 days) 
+ K’-replenished 
4.08 f 0.21 (11) 3.65 f 0.13 (6) 
3.41 f 0.20* (5) N.D. 
2.64 f 0.24; (5) 2.60 + 0.50* (10) 
4.01 f. 0.46 (6) N.D. 
Treatments as indicated in legend of Table I. 
*Statistical significance: P c 0.001 versus control. The number of an- 
imals is indicated in parentheses. 
deficient mice and was recovered after potassium re- 
plenishment. Since these enzymes are regulated by tes- 
tosterone in the mouse kidney [6,7,12] the effect pro- 
duced by potassium deficiency could be ascribed either 
to an impairment in the responsiveness of mouse kidney 
to androgens or to a decrease in the amount of testoster- 
one reaching this organ. 
Our results clearly show that the fall in ODC and 
/?-glucuronidase iscaused by the diminution of circulat- 
ing plasma testosterone produced by potassium defi- 
ciency, and suggest hat potassium concentration plays 
an important role in regulating plasma testosterone. 
To our knowledge, this result shows for the first time 
that potassium modulates circulating testosterone, and 
hence, it might regulate androgenic actions in both ac- 
cessory sex organs and extragenital tissues. The fact 
that a variation of about 0.6 mM in plasma potassium 
concentration could greatly decrease the concentration 
of testosterone may have physiological relevance since 
the range of human plasma potassium concentration is 
3.446 mM [13]. Moreover, this effect of potassium on 
Table III 
Plasma testosterone levels in control and K’-deficient male mice 
Testosterone (nM) 
Control 
K’-deficient (15 days) 
K+-replenished 
*PC 0.001. 
48.9 f 24.6 (13) 
2.9 f 2.5* (10) 
67.3 f 30.9 (5) 
testosterone levels could have certain significance in 
some pathological situations in which hypokalemia is 
produced [13-l 51. This result and other observations 
showing that hypokalemia could affect aldosterone se- 
cretion [13,16] or insulin release [13,17,18] suggest a 
major role of potassium in regulating different endo- 
crine systems. 
Our model provides a good experimental approach to 
learn about the regulatory mechanisms of testosterone 
secretion. Experiments designed in order to test whether 
potassium directly affects the synthesis or liberation of 
testosterone by testicular Leydig cells or indirectly 
through modulation of the hypothalamohypophyseal 
axis are presently carried out in our lab. 
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